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The Night Operations Praogram within the Behavior and Systems Research Laboratory
is concerned with problems in optimizing human performance in relation to night vision
devices and related sensors. Specific aspects deal with determining: performance effec-
tiveness of sensor systems; factors which affect performance; and means of improving
effectiveness. The entire research program is responsive to requirements of the Combat
Developments Command and is conducted under RDT&E Project 20024701 A723, Human
Performance in Military Systems, FY 1971 Work Program.
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M To further the research, a field wiit has been established at Fort Ord, California,
where, with the support of the Combat Developments Command Experimentation Command
{CDCEC), studies are curmrently being conducted with passive night vision devices. Per-
sonnel of the Behavior and Systems Research Laboratory are deeply appreciative of the
excellent support given the research program by CDCEC, both in personnel and materiel.
Special acknowledgment is made of the efforts of the Commander, Brigadier General
T. W. Brown and of Project Team (iI which, under the command of Lieutenant Colonel

G. Van Hazel, dircctly supported the research activity.
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The present publication describes the research methodology and findings from the
first of a series of research phases of the BESRL program. These findings provide infor-
mation on performance with the night vision devices and test technologies for field ex-
perimentation as rapidly as the information becomes available and do not represent a
: complete analysis of the results. The research is aimed at providing information to oper-
ational users, training commands, and as an aid to other researchers in the area. Follow-
up reports, analyzing other portions of the data, are in preparation.
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SEARCH EFFECTIVENESS WITH PASSIVE NIGHT VISION DEVICES

BRIEF

Requirement:

To assess performance effectiveness with selected passive night vision devices,
The first operational objective was to determine which factors affect performance, and
to what extent. The second objective was to identify and develop means of improving
performance effectiveness.

Procedure:

Four devices, the Miniscope (MINI), Starlight Scope (SS), Crew Served Weapon
Night Vision Sight (CSWS), and the Night Observation Device, Medium Range (NOD},
were evaliuated simultaneously. One hundred twenty-three operators (players) were
tested at the rate of nine per night. Testing was conducted under starlight, half-moon,
and full-moon illumination conditions. The 72 targets presented each night were of dif-
ferent types, contrast, and modes, and stationed at distances of 100 to 1200 meters from
the players. Operators searched a hetergeneous terrain nearly continuously for a period
of six hours. Detection responses and search behavior were recorded on magnetic tape.
The data were analyzed to determine how effective performance was, and the effects of
critical variables and search behavior on performance effectiveness.

Findings:

Operators differed greatly in their ability tc detect targets during search. Operators
showed low reliability in detecticn of specific targets. About 50 percent of the targets
that could actually be seen were nct found during search, The primary cause of ineffi-
cient performance was faulty search techniques.

Operators are capable of almost continuous use of the devices for relatively long
periods (at least six hours) without degradation of performance, in contrast to previous
reports of degradation after about 30 minutes.

Performance with the NOD was superior to performance with the other devices. Over-
all level of performance with the MiNI, SS, and CSWS was much the same.

Pairs of operators using devices of the same type detected about 50 percent moie
targets than did single operators. All mixes (pairs) of the MINI, SS, and CSWS were
about equally effective. Any mix which inciuded the NOD improved performance.

Performance was greatly affected by a number of environmental-target-terrain factors,
including ambient light, distance, target type, and target-background contrast.
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Products:

Effective training procedures and a technique by which operators were able to make
proper diopter adjustment of their devices were deveioped. The latter development in
effect eliminated the strain which frequently led to headache, nausea, etc., with conse-
quent degradation of performance.

Practicable and effective field experimentation methodology and instrumentation
were developed which are applicable to a wide rarige of field experimentation and test-
ing with night vision devices and sensors.

Utilization:

The study provided baseline performance data on passive night vision devices and
information on the effect of critical factors on performance. The findings suggest how
performance may be improved by operational smployment, work methods and procedures,
and new approaches to training and search techniques.
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SEARCH EFFECTIVENESS WITH PASSIVE NIGHT VISION DEVICES

BACKGROUND

The U. S. Army has in recent years recognized a need to improve its
night operations capabilities. (See, for example, the 1964 study by the
U. S. Army Combat Developments Command).l This need has led to the de-
velopment of sensors which greatly improve night seeing and target ac-
quisition capabilities. The development of these sensors has in turn
created an urgent need for human factors research to determine and im-
prove the level of human performance with the current generation of
sensors and to provide human performance data which can be applied to
improvement of the capabilities of future generations of sensors.

The Behavior and Systems Research Laboratory (BESKL) has established
a Work Unit with the mission of conducting human performance experimen-
tation to improve the capabilities of the combat soldier in night oper-
ations. Early work by this unit was conducted at Fort Benning, Georgia,
in the winter of 1967-1968.2 In the early summer of 1968, the U. S. Army
Combat Developments Command (USACDC) requested that BESRL research in
this area be -expanded and accelerated. This request was formalized by
USACDC in July 1968. Concurrently, USACDC requested that the U. S. Army
Combat Developments Command Experimentation Command (USACDCEC), Fort Ord,
California, support the desired BESRL research. Research by BESRL was
initiated at Fort Ord in October 1968, with completion tentatively sched-

uled for September 1969.

In the course of the following year, it became obvious that a longer
term research effort was required and that thic could be best and most
economically accomplished by the establishment of a field experimentation
unit at Fort Ord. Initial exploration of the feasibility of such a unit
was undertaken in mid-1969 and culminated in December 1969 in an intra-
service support agreement establishing the BESRL Field Experimentation
Unit as a tenant of Fort Ord with primary mission support continuing to

be supplied by USACDCEC.

l’Night operations and the employment of night vision devices (Unclassi-
fied title). U. S. Army Combat Developments Command, November 1964.

SECRET.

2’Search effectiveness with the Starlight Scope and 7 x 50 binoculars.
Behavior and Systems Research Laboratory. (In preparation).
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OBJECTIVES

Performance Effectiveness

The Army has given high priority to the development and fielding
of advanced systems for surveillance, target acquisition, and night
observation. The effectiveness of any system is complexly determined
by the characteristics of the system, the way in which the system is
employed, and the behavior of the human being in the system. The sys-
tem must be evaluated in terms of the interaction of all these factors
rather than separately in terms of the effectiveness of the equipment,
the method of employment, or the human operator. Systems measurement
beds must be developed which permit the determination of the relative
contribution of equipment factors, employment factors, human factors,
and the interactions of all these, to total system effectiveness. When
these contributions are understood, suggestions leading to improvement
of total system effectiveness become possible.

To translate these considerations into specific questions, the
research conducted by BESRL is designed to provide information which
will aid in the solution of the following problems:

Who should use night vision devices and sensors? Individuals
differ greatly in the abilities to acquire targets with these devices.
To what are these differences attributable? To what extent can these
differences be reduced by training? What kind of training is effective?
If selection of operators is necessary, on what basis should selection
be made?

How should the devices be used? What are the proper search
techniques? What are the implications of human capabilities and limita-
tions for employment and deployment of men and devices--how large an
area can a man effectively search? How long can a man use a device
effectively? What are suitable work-rest cycles? If two men are to use
the devices, should the men be assigned separate or overlapping search
sectors?

Which devices should be used and under what conditions? The devices
differ in their characteristics and capabilities and are affected differ-
ently by changes in conditions. What is the relative performance with
the devices under different light levels? On different types of targets?
Cn targets at different distances? On different types of terrain--open
versus cluttered with trees, brush, rocks? For different tactical
applications?

What should be the Basis of Issue (BOI) and Mix of devices? How
much is gained in target acquisition if two men with devices of the same
type are used? 1If three men are used? How much is gained by the use of
two or more men with different types of devices?
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Questions such as these can be answered only by extensive and
rigorous experimentation. The results of this experimentation provide
information for operational employment, training, and selection, and
for the development of concepts, doctrine, and organization. Also, the
information provided forms a basis for subsequent troop tests. From
such experimentation, too, the parametric data essential for effective
linear modeling and war games are obtained. 1In addition, determination
of the complex interactions of the man, the device, and the operational
sitvation provides valuable information for the design of future gener-
ations of devices.

The present publication is an initial report, using descriptive
statistics, of some of the research conducted at Fort Ord. The results
are discussed in terms both of specific findings and of implications of
the findings for improvement of effectiveness. A report containing
more detailed analyses is in preparation, as are reports of additional
Y experimentation.

Field Research Technology

SRR TN e AT

In order to provide information on the effectiveness of thedevices,
R a technology was required which would make it possible to collect reli-
T able and valid experimental data under field conditions. Existing in-
strumentation, procedures, and techniques were not adequate for research
of this type. Therefore, the second objective was the development of

an appropriate technology--instrumentation, training, testing, control
methods and procedures, special experimental techniques.

Instrumentation was necessary which would provide for accurate
measures of target detection and search behavior. The instrumentation
had to be flexible and reliable under widely varying field conditionms,
provide for simultaneous recording of a variety of data, allow for con-
trol and monitoring of the players, and provide a data output that could
be rapidly analyzed. Methods and procedures had to be developed which
would insure that all player, supporting, and controller personnel were
properly carrying out their assigned missions. Each participant had
to be oriented, motivated, and trained for his job. Because of the
large number of test and environmental factors and the large number of
differing types of personmel involved, a great deal of procedural
redundancy, as well as constant monitoring, was required in order to
maintain a standardized testing situation. Special experimental tech-
niques had to be developed in order to identify and consider the effects
of various factors on performance. Identification of the relative con-
tribution of these factors to performance reveals which sub-system
elements need to be improved in order to improve overall system effec-
tiveness. ;

The technology is described in considerable detail in the Technical
Supplement in order to make it available to others involved in field
testing and experimentation. Admittedly, not all elements can be imme-
diately transferred to other experiments, but portions can be readily
used and the remainder, including the general principles involved,
adapted to the specific requirements of other testing situations.

-3-
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PROCEDURE

The devices tested were the Miniaturized Night Vision Sight,
AN/PVS-3 (MINI), the Small Starlight Scope, AN/PVS-2 (SS), the Crew
Served Weapon Night Vision Sight, AN/TVS-2 (CSWS), and the Night
Observation Device, Medium Range, AN/TVS-4 (NOD). The effectiveness of
these devices is determined by the interaction of device characteris~
tics, test conditions, environmental factors, and the behavior of the
soldier using the devices. Thus, irterpretation of any evaluation of
effectiveness is influenced by the particular conditions under which
the evaluation was obtained.

Performance with all the devices was measured in a standard testing
situation, or test bed; that is, the same target-terrain situation was
used for all devices. The terrain used was flat to mountainous, bisected
by a road, traversed by ravines and streams, with some large open grassy
areas and some areas heavily cluttered with trees, brush, and rocks.

The area to be searched was 75° wide and extended to 1500 meters.
Targets were placed in this area at distances of 100 to 1200 meters from
the players. Human and vehicular targets were presented both standing
still and moving. Target-background contrast was manipulated by placing
targets against appropriate backgrounds. Testing was conducted under
starlight, half-moon and full-moon illumination conditioms.

Prior to testing, approximately 90 minutes of training were given.
The purpose of this training was to instruct the player in the use of
his device (15 minutes), to teach him what targets looked like when seen
through a night vision device (30 minutes), and to allow him to deveiop
facility in the rapid detection and simulated shooting of the targets
(45 minutes). ‘raining was given on an individual basis. WNo instruc-
tions on how to search were given, but each player was told to use what-
ever technique he felt was most effective for him. During testing the
ability of the players to find targets through search was determined.
Testing was so conducted that performance could be measured under vary-
ing conditions of ambient light, distance, target mode (dynamic or
static), target-type, and target-background contrast. These factors
were selected from the large number of possible factors because previous
research and piiot studies had indicated that they were especially
critical determiners of performance. The parameters «f these factors
established for the experiment were such as to permit determination of
device differences. Two measures of effectiveness were used: percent-
age of targets detectad and the time required to detect these targets.

FINDINGS AND THEIR IMPLICATIONS

Overall, the level of performance with the MINI, SS, and CSWS, as
measured by percent detections, was very similar, no device being
markedly superior to the others. Performance with the NOD, however,
was conciderably better than with the other devices. The level of
performance as measured by time to detect targets was similar for all
four devices.
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Critical Factors Affecting Performance

Performance with the four devices studied was affected, sometimes
differentially, by a number of factors. All factors entering into the
experiment except target mode affected performance in the expected
manner--in accordance with previous research findings and logical expec-
tations.

Ambient Illumination. Performance in terms of percent target
detections improved considerably as the ambient light increased from
starlight to full moen., Performance improvement was greatest (about
100%) for the MINI, SS, and CSWS, with relatively little difference
among these devices. As increasing illumination did not improve the
performance of one device more than it improved another, this finding
indicates that it would not be advantageous, for example, to use one
type of device under starlight conditions and another type under full-
moon conditions. Performance with the NOD' also improved, but only about
50%. This relatively smaller increase can be attributed to the NOD's
relatively superior performance at low light levels.

Performance, as measured by the time required to detect targets,
showed little or no difference among the devices. While slightly less
time was required as the light level increased, the improvement was
about the same for all devices. Two considerations enter into the inter-
pretation of this result: 1) A relatively long time was required to
find the targets; and 2) search time reported reflects the complexity of
the task--search area size, terrain difficulty, target difficulty, etc.
To the extent that the experimental target-terrain situation used in the
study is found in a real-world combat situation, the result suggests
limiting the size of the search area or increasing the Basis of Issue
or mix.

Distance. The detection of targets was found to be highly related
to distance from the target for all devices and at all light levels.
Relctively few targets were detected at far distances. The MINI, SS,
and CSWS showed serious limitations beyond 800 metrrs. As the NOD is
intended to be used at longer distances, performa.ice with the NOD showed
relatively less decrement at these distances.

Target Mode--Dynamic vs.Static. Target movement did not substan-
tially improve detection, although studies by other research agencies
have shown such an effect. One possible explanation is that the
operators ir. the present experiment were required to continuously
search a large area (75° wide and 1500 meters deep) and were therefore
more or less continuously moving their devices. Under these conditions,
target movement would be less conspicuous than under conditions in which
the device was held more or less stationary and a target moving within
the device field of view would produce an obvious disruption of a static
environment. It was hypothesized that in a narrower search area dynamic
targets would be more detectable than comparable static targets. The
findings of subsequent BESRL research showed the differential detection

-5-
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of moving and static targets to be related to the search area size.
These findings imply that, if movement is to be capitalized upon in
detecting targets, then the search area size should be limited.

Target Type. As expected, vehicular targets were detected more
frequently than were personnel targets, with little difference among
devices except for the NOD. With the NOD, there was little difference
between vehicular and personnel targets in percent detected. For each
type of target, there was a high relationship between target detection
and ambient light with far fewer targets detected at lower light levels.
In general, improvement in target detection with increased ambient
illumination was relatively greater for personnel targets than for
vehicular targets.

Contrast. The detection of targets was found to be highly related
to target contrast, with fewer low contrast targets detected. The
effect of increased illumination was to reduce the relative difference
between high and low contrast targets. Under low ambient illumination,
target contrast was much more important to target detection than under
high ambient illumination. Contrast affected performance with the NOD
less than it did performance with the other devices, particularly under
high illumination. The implication here is perhaps obvious, namely,
that if heavy background cover reduces target-background contrast,
targets will be difficult to find, and measures such as increased BOI
may be indicated. Conversely, if the terrain is open, a relatively
high degree of success in target detection can be expected with a single
operator. Also, under high ambient illumination the NOD is not partic-
ularly sensitive to high and low contrast targets; the NOD can detect
both types of target almost equally well.

Improvement of Effectiveness

Effects of Prolonged Activity. In the present experiment, operators
used the devices continuously for nearly six hours, except for short
breaks every half hour (five and fifteen minutes, alternately). Under
these conditions, only about 1% of the players reported undue distress
(due to eye strain, vertigo, nausea, etc.). In the case of the few men
who reported distress, the diopter setting was found to be incirrect.

A description of correct diopter adjustment procedures is contained in
Appendix B.

Prolonged activity on the devices resulted in no loss in perform-
ance effectiveness for periods up to six hours, which was the limit for
the experiment. Anecdotal reports from Vietnam returnees indicate that
the soldier typically uses one of these devices for a short period of
time and then rests. As there is equal probability that targets will
appear during rest and search periods, the percent of target detection
will be considerably enhanced if the device is used continuously. A
work-rest cycle of thirty minutes on and five to fifteen minutes off
for a six-to eight-hour watch would therefore seem to be satisfactory.
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Inferences for BOI and Mix. Increasing the BOI from a single
operator to a pair of operators, both covering the same area but work-
ing independently, produced a considerable increase in the percentage
of targets detected (approximately 50% across devices and ambient con-
ditions). Performance, as measured by time to detect targets, was
improved only slightly by using pairs of operators. To a large extent,
the improvement found by using pairs of operators was not due to the
fact that the two operators were each capable of seeing differ-at
targets. Rather, they were using faulty search techniques which
resulted in uneven performance. This conclusion is evidenced by the
fact that a single operator, when tested again immediately after his
first testing, found additional targets at about the same rate of
increase as did two men simultaneously searching. There is no doubt
that pairs of operators will improve performance, but this same level
of performance might be obtained more economically through improved
search techniques, new work methods and procedures, or better deploy-
ment of the devices.

With regard to mixing the devices, little advantage is to be
gained by mixing the MINI, SS, or CSWS over using any two of the same
devices. The NOD, of course, mixed with any of the other three devices,
enhances performaunce to a much larger extent.

Training and Prior Experience. Operators were given 90 minutes
of individual training consisting of three elements: instruction on
the devices, including diopter setting and focusing; familiarization
with the appearance of targets viewed through the device; and practice
in finding the targets. It was found that 90 minutes of training of
this type was sufficient and that additional training of the same kind
did not enhance subsequent performance. There is, of course, no
implication that additional training would not result in improved per-
formance. On the contrary, additional training probably would improve
performance, provided the training is geared to new search techniques
and improved work methods and procedures.

Most of the operators in the present study were returnees from
Vietnam, and most of them stated that they had some experience with
the devices. Informal discussions with the operators revealed that
they had received little or no training in CONUS and that training
overseas had been haphazard. Their lack of knowledge, as well as
misinformation, about the devices was enormous. Typically, they did
not know how to make diopter adjustments or how to focus, and frequently
confused the two operations. Freguently, they did not know how to per-
form first echelon maintenance or how to replace the battery and oscil-
lator. Based upon observations rather than con any statistical analysis,
there did not appear to be any performance differences between
"experienced versus non-experienced" operators.
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Search Efficiency. In order to evaluate the efficiency of search,
the percentage of targets that could be seen by each man-device com-
bination was determined. Since no search was involved in this deter-
mination, the percentage of targets seen was a function of target diffi-
culty, the device, the ambient condition, and the perceptual capabilities
of the individual operator. The fewest targets could be seen with the
MINI, followed by the SS, CSWS, and NOD, in that order. The percentage
of targets detected during search was divided by the percentage of
targets that could be seen in order to obtain an efficiency score.

Over all ambient conditions and on all devices, the efficiency
scores indicated relatively poor performance in detecting targets. On
the average, only about half the targets that could be seen were actually
found. Theoretically, 100% of these targets could have been detected.
This result suggests that, without changing the devices at all, search
effectiveness could be greatly increased. Other analyses confirmed this
finding by revealing that operators were highly unreliable in their
detection of specific targets.

Efficiency scores varied with the devices, the highest efficiency
being with the NOD, followed by the MINI and SS, which were about equal.
The efficiency with the CSWS was considerably lower than with the othe@
devices. Considering the relatively large number of targets that could
be seen with the CSWS, relatively few targets were found during search.
These differences can be explained in part by device limitations and
advantages and in part by the manner in which the devices were employed.
For example, the field of view of the CSWS is about half that of the
MINI and SS; but it has a higher magnification than the other twec-devices.
Thus, it was possible to see a larger number of targets with the CSWS
than with the MINI or S5. However, the area to be searched was large,
and comprehensive coverage was more difficult for the CSWS because of
its limited field of view--hence, its lower efficiency, suggesting that
relative performance with the CSWS would be improved if a smaller search
area were used. This hypothesis was confirmed in a subsequent experiment.
These findings indicate that when the CSWS is operationally emvloyed,
search area size should be limited. This step could present a tactical
complication if it is desirable to moun: the CSWS on a machine gun posi-
tioned to cover a wide area.

Search Behavior. Search efficiency scores clearly indicated a
failure of operators to find targets which could be seen. In order
to determine the reasons for these failures in detection, aspects of
the search behavior of the operators were analyzed. In the experiment,
no instruction or training was given on how to search, but the players
were told to use whatever technique they felt was best. 1In debriefing
sessions, most of the players reported that they had searched the field
systematically, starting search at one end of the field and then using
regular right to left cor left to right sweeps until the entire field was
covered. The graphic reccrds of search patterns showed that this pro-
cedure was not, in fact, followed. Other amalyses showed that a sub-
stantial propourtion of the targets which were not detected were never
captured in the field of view of the device. An additional proportion
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of the targets that were nor detected were in the device field of view
for too short a time to have good probability of detection, suggesting
that scanning was frequently too rapid. Data from subsequent experi-
ments are being analyzed to identify other factors related to search
efficiency, and additional research on new search techniques and pro-
cedures is being planned. The results of the research should make it
possible to develop effective techniques and procedures which, when
incorporated into training programs, will substantially improve overall
system effectiveness. However, some general guidelines can be given now,

IMPLICATIONS FOR IMPROVED SEARCH PROCEDURES

For convenience of reference, a distinction is made here among
"instrument scan," “eye scan," and "searck." Instrument scan refers to
movement of the device in order to direct it toward different portions
of the terrain; eye scan refers to the examination or scrutiny of the
image display; search is the general term referring to the entire instru-

ment scan-eye scan process.

4s targets in combat are frequently exposed only for short periods
of time, rapid search is essential. Also, a device operator may fear
that he has not detected an enemy that is approaching his position.
Both these factors tend to produce very rapid instrument scanning of an
area. However, even when a target is captured in the device field of
view, the display must be examined for somz period of time if the target
is to be detected, that is, discriminated from other objects in the dis-
play. Efficient search involves a trade-off of these two factors:
rapid instrument scanning and adequate eye scan or examination time.
The nature of the trade-off is determined by the capabilities and limita-
tions of the particular devices used &s they interact with a number of
external factors, including light, terrain, size of search area, and

characteristics of the target.

Light. With good lighting conditions, either natural or provided
by some artificial illumination system, the time required for eye scan
is minimized and, correspondingly, instrument scanning can be performed
more rapidly. However, as the light decreases, more lengthy eye scan is
necessary and the rate of instrument scanning should correspondingliy

decrease.

Terrain. For open terrain, the time required for eye scan is
relatively small and instrument scan can be rapid. As terrain clutter
increases, the amount of eye scan should increase and rate of instrument

scan correspondingly decrease.

Size of Search Area. As the search area size increases, adequate
coverage necessitates rapid instrument scan and little eye scan time.
The requirement for rapid search of a large area may therefore very
easily exceed the individual's ability to examine adequately the image
display, with a resulting drop in probability of target detection. No
guidelines can be provided for search area size as this will be a
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function of such other factors as light and terrain. Search area size
must therefore be empirically determined, based upon previous experi-
ence in similar situatioms.

Nature of Target. Obviously, large targets are more easily
detected than small targets. However, target difficulty is also affected
by the similarity of the target o other objects in the terrain. For
example, a kneeling man would be very hard to detect in terrain covered
with tree stumps. Search, therefore, should be adjusted according to the
characteristics of the targets expected, as well as to the nature of the
terrain involved. Also, moving targets seem to be more easily detected
than stationary targets when the area to be searched is small, but not
when the area is large. Therefore, if it 1: anticipated that targets
will be moving, a smaller search area size may prove profitable.

Instruction. and training of device operators on these general
principles of search should considerably improve their effectiveness.
More adequate training should also be given on proper procedures to be
followed for diopter adjustment and focusing, and it should be made
clear that these two operations have distinctly different functions.

The training procedures used in the present experiment were simple and
could easily be incorporated, with minor changes, in a training program
that could be conducted in a rear area by a company commander in Vietnam,

In the present research, operators differesd greatly in their
ability to find targets. Some of thase differences can be reduced by
more effective training, by better knowledge of the device, and by
improved search techniques and work methods. However, individual differ-
ences in ability are probably of sufficient magnitude to justify the use
of a simple performance measure by a company commander to rank potential
device operators on their proficiency with a device. This measure could
follow the training program outlined above. With this information, sub-
sequent assignments could be made considering proficiency as well as
criticality of mission and military expediency.
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2 i’ SEARCH EFFECTIVENESS WITH PASSIVE NIGHT VISION DEVICES
-

1 ] EXPERIMENTAL PROCEDURE AND DETAILS OF RESULTS

ii

Z_ E The procedures and special experimental techniques developed for
L BESRL's on-going research on search effectiveness with passive nignt
A vision devices are described in considerable detail. Further infor-

4 . mational background is made available in reproductions of the brief-

E ; ings and instructions (Appendix A) prepared for the player personnel
I (subjects) participating in the experiment, and in the step-by-step
! procedvres prescribed for the field testing (Appendix B).

] *

.

e The second part of the Technical Supplement presents in greater
. detail than in the body of the report the results upon which findings
% Lo were based.

£

e EQUIPMENT

i Night Vision Devices Tested

f The experiment dezlt with image intensifiers of four different

F types: the Miniaturized Night Vision Sight, AN/PVS-3 (MINI); the

T Small Starlight Scope, AN-PVS-2 (SS); the Crew Served Weapon Night
o Vision Sight, AN/TVS-2 (CSWS); and the Night Observation Device,

¢ Medium Range, AN/TVS-4 (NOD).

A i

- .

E ; The Data Acquisition System

; . The data acquisition system has three components: 1) the tripods
§ : which support the universal device platforms (UDPs) and the night
= vision devices; 2) the universal device platforms; and 3) the elec-

© tronic coatrol and data recording console. Nine heavy-duty tripods

% § are used in line, each tripod being set into concreie for stability.
- The UDPs each consist of a metal casing attached to the tripod head,
3 the night vision devices being attached to the UDP (Figure 1). The

UDP rotates with respect to a fixed base and is adjustable for eleva-
tion. Each UDP contains two shaft encoders; one for azimuth and one

for elevation, which indicate to within 0.1  the orientation of the

: instrument (Figure 2). Each UDP also contains a "trigger" microswitch
which the player presses when he acquires a target. These micreswitches
are designed and located so that their use does not interrupt search-
ing or disturb orientation of the device. Output from the microswitch
and shaft encoders is tramsmitted by cable to the data recording con-

sole.

o oy

The electronic control and data recording comsole (Figure 3) is
van-mounted and contains a mcnitoring-control panel and a recorder
panel. On the monitoring-control panel are a magnetic tape unit,

-5 - Preceding page blank
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numerical displays (NIXIEZ tubes) for visual presentatior of azimuth and
elevation of selected subject stations on a real-time basis, and a num-
ber of selection buttons. Information recorded on the magnetic tape
includes the beginning and end of target presentation, player number
and the azimuth and elevation of the device used (sampled five times
per second), and any responses by a player. A time base is provided

by tape speed. Thus, both target acquisition responses and fine-grain
recording of search behavior are on the tape and extractable by computer.
The recorder panel contains a digital recorder which provides a graphic
hard-copy display of the search behavior, target coordinates, and re-
sponses of any selected player, on a near real-time basis,

Ancillary Equipment

The communication system includes land-line telephones between
control and personnel targets; radio communication between control and
vehicular targets; telephone lines between control, engineer in van,
and target monitor; and a two-way speaker system between control and
the player cubicles.

Photometric readings were obtained with a Gamma Scientific Cor-
poration model 2020 photometer3; with $-11 photocathode and cosine-
filter which gave an integrated reading, in footcandles, of illumina-
tion from the upper hemisphere. Readings were taken at regular in-
tervals throughout the experiment.

Terrain

The terrain was part of the Hunter Liggett Milictary Reservation.
In selecting the terrain, many factors had to be considerec. First,
the experiment required terrain of considerable size, suitatle for a
wide variety of experimentation. The terrain selected permitted the
use of a search area approximately 75° wide and over 1500 meters deep.
Second, the purpose of the study was to determine the search effec-
tiveness, for operational use, of selected devices. The terrain
therefore had to be complex jn order to provide a realistic search
situation. Search effectiveness cannot very well be determined by
measuring the probability of detection of a black dot on a white
background (unless, perhaps, one is interested in arctic conditions),
as this task is primarily a perceptual problem and little discrimina-
tion is required. A realistic search problem requires the finding of

3 PRI . PN

=/ Commercial designations are used only for precision in describing
the experiment. Their use does not constitute indorsement by the
Army or by tbhe Behavior and Systems Research Laboratory.

% gsee footnote 3.
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an object interest and it

l.-

iscrimination <from other gsimilar objaecte

(typified by the problem of finding the nut you have dropped in the
gravel while repairing your carburetor). The area selected was flat to
mountainous, bisected by a road, traversed by ravines and streams, with
some large open grassy areas and some areas heavily cluttered with trees,
brush, and rocks. Third, because the devices being tested initially
were of the light intensification type, good control of illumination was
essential. The test area was surrounded by mountains, the nearest town
of any size (though small) being some 30 miles distant. Skyglow was
therefore effectively eliminated. Additionally, the terraia had a gen-
eral north-south orientation, the moon passing over the terrain roughly
frem right to left. Thus, when testing under moonlight, targets were
not frontlighted during one portion of the session and backlighted dur-
ing a later portion. (Previous research has shown that the probability
of detection changes considerably for front versus back lighting.)
Figure 4 shows a portion of the terrain. Figure 5 shows the back-up
area and test cubicles as seen from the target area.

Targets

A total of 36 target locations was used in the testing session.
All targets could be seen by the unaided eye during daylight, Targets
at each location were presented once in a dynamic and once in a static
mode, giving 72 target presenta .ions per evening in the primary experi-
ment. The 36 targets were of two types: 24 personnel and 12 vehicular.
Four types of vehicle were used: %-ton truck, 2%-ton truck, armored
personnel carrier (M-113), and tank (M-60). The personnel targets were
soldiers dresse